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Abstract: Plastics have become an inseparable part of modern life as a consequence of their versatility, low cost, durability, and lightweight. In this study, the presence of microplastics (MPs) in the stomachs and digestive tracts of 243 individuals of leaping mullet
(Chelon saliens (Risso, 1810)), red mullet (Mullus barbatus barbatus Linnaeus, 1758), surmullet (Mullus surmuletus Linnaeus, 1758),
Mediterranean horse mackerel (Trachurus mediterraneus (Steindachner, 1868)), and sand steenbras (Lithognathus mormyrus (Linnaeus,
1758)), collected along the Marmara, Aegean, and Mediterranean coasts of Turkey was examined microscopically and through µ-Raman
analysis. A total of 283 MP particles were extracted. Among the examined species, the average MP concentration was 1.1 MP per
fish (MPs fish–1). The number of MPs detected was 2.5 MPs fish–1 for leaping mullet, 1.1 MPs fish–1 for red mullet, 0.6 MPs fish–1 for
sand steenbras, and 0.4 MPs fish–1 for Mediterranean horse mackerel and surmullet. The size of the MPs ranged from 0.028 to 4.909
mm. To determine the polymer types of the MPs, a μ-Raman analysis was conducted. The most frequently detected polymers were
polypropylene (26%), polyethylene (21.9%), polyethylene terephthalate/polyester (8.2%), and cellulose (7.5%). The results of this study
showed that MP pollution represents an emerging threat to the fish of Turkish marine waters.
Key words: Microplastics, ingestion, Turkish marine waters, plastic pollution

1. Introduction
The manufacturing of plastics has increased rapidly
since 1950, with annual plastic production reaching 359
million tons in 2018 (PlasticEurope, 2019). It is estimated
that 4.8–12.7 million tons of plastic end up in marine
ecosystems every year (Jambeck et al., 2015). A total
of 611 studies conducted at 4358 locations across the
globe, as of September 2019, have revealed that 76.9% of
marine litter consists of plastics (Tekman et al., 2019). It is
further estimated that 92% of marine plastic pollution is
in the form of microplastics (MPs) (Eriksen et al., 2014).
Generally, plastic particles that are smaller than 5 mm are
considered MPs (Galgani et al., 2013; GESAMP, 2019).
This high quantity of MPs in the sea poses a significant
threat to marine life.
Marine life is affected by all kinds of plastic pollution, in
addition to MPs. Currently, it is estimated that 2249 marine
animals face threats from plastic pollution. The types of
marine life affected most by marine litter include fish
(21.93%), seabirds (18.43%), crustaceans and arthropods
(11.68%), mollusks (7.79%), and marine mammals
(6.28%) (Tekman et al., 2019). Multiple researchers have

reported that MPs in the sea affect many marine species
(fish, mussels, seagulls, and sea scallops) (Tekman et al.,
2019). The types of effects that plastics have on these
animals are manifold: the fouling of litter and its use as
a habitat (38.7%), ingestion (32.6%), and entanglement
(23.87%) (Tekman et al., 2019).
Among these effects, ingestion poses a particularly
serious risk to marine life, given the small size of MPs.
The effects of these risks can be classified into 2 groups:
physical and chemical (Markic et al., 2019). Physical
effects ultimately depend on the size of MPs ingested
and entanglement (Rist et al., 2018; Tunçer et al., 2019),
whereas chemical effects can arise via additives or
environmental pollutants absorbed by particles released
or leached in the organism (Rist et al., 2018). One of the
primary physical effects of MPs is the blockage of the
digestive tract by relatively larger particles (Walkinshaw et
al., 2020). In addition, nano- and microscale particles can
be absorbed in the intestines and accumulate in different
organs (Ivleva et al., 2017). Chemical effects of MPs are
more widespread when compared to the physical effects.
Plastics are materials that can be formed in several ways
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and through a variety of chemical reactions by arranging
mono or oligomeric components into polymer chains
(Halden, 2010).
For the manufacturing of many plastics with different
characteristics available in the market today, many
additives, including different fillings, flame-retardants,
antioxidants, plasticizers, and coloring chemicals are used
(Halden, 2010). Even though widely-used plastics, such as
polyethylene (PE) and polypropylene (PP), are biologically
inert as particles, various chemicals added during
manufacturing, as well as environmental pollutants, which
can be later absorbed by them, can be released during their
use by consumers and eventually consumed by marine
organisms (Rist et al., 2018). Thus, establishing the risks
faced by animals that ingest plastics, including the degree
of consumption of different types of plastics, is important,
especially in various seafood species. The level of plastic
pollution present in areas where these species are collected
is particularly important. Establishing the risks faced by
animals that live in closed ecosystems with high levels of
MP pollution, such as in the Mediterranean region, would
also enhance our understanding of the bioaccumulation of
MPs in the food chain.
In this study, the amount, rates, and polymer types of
the MPs in the stomachs and digestive tracts of 5 different
edible fish species, commonly collected in different seas
along Turkish coasts, were examined. Specifically, the
presence of MPs in the stomachs and digestive tracts of
leaping mullet (Chelon saliens (Risso, 1810)), red mullet
(Mullus barbatus barbatus Linnaeus, 1758), surmullet
(Mullus surmuletus Linnaeus, 1758), mediterranean
horse mackerel (Trachurus mediterraneus (Steindachner,
1868)), and sand steenbras (Lithognathus mormyrus
(Linnaeus, 1758)) collected in the Marmara, Aegean,
and Mediterranean coasts of Turkey was examined
microscopically and analyzed via µ-Raman analysis.
A previous study of MPs in the digestive tracts of fish
collected along the Northeastern Mediterranean shores of
Turkey showed that 58% of the examined fish contained
2.36 MPs fish–1 (Güven et al., 2017). In this study, focus
was placed on documenting the presence of MPs in the
stomachs and digestive tracts of fish, especially edible fish,
occurring in the Aegean and Marmara seas, as well as in
the Eastern Mediterranean. Previously, researchers have
reported high levels of MP pollution in both the Aegean
and Marmara seas. To our knowledge, this study represents
the first official characterization of the MPs present in the
stomachs and digestive tracts of edible fish species present
in the Aegean and Marmara seas.
2. Material and methods
2.1. Fish sampling
A total of 243 leaping mullet, red mullet, surmullet,
Mediterranean horse mackerel, and sand steenbras were

examined. The fish were collected in June and July 2019
from the Mediterranean, Aegean, and Marmara seas
by anglers via sport fishing and trammel nets. All of the
examined fish had been recently caught and were free of
any morphological deformations. Sampling localities for
the Marmara Sea included the Bosporus and the Golden
Horn; Izmir Bay was selected for the Aegean Sea; and
Iskenderun Bay was selected for the Mediterranean Sea
(Figure 1; Table 1).
2.2. Extraction of the MPs
Prior to examination of the MPs, the fish were cleaned
with deionized water. Weight was measured using
a scale accurate to 0.01 g. Size was measured using
size measurement tables accurate to 0.1 cm (Table 1).
Gastrointestinal tracts (GITs) of the fish were then
carefully removed and placed into 1-L glass sample jars
and covered with aluminum foil. Next, 30% highly alkaline
KOH:NaClO digestion solution was added to the jars with
fish GITs (Enders et al., 2017). As a next step, 1 L of this
solution was prepared by adding 700 mL of ultrapure
water to 150 mL of saturated KOH solution and 150 mL of
NaClO solution with 14% active chlorine. Next, 250–500
mL of digestion solution was added to each jar, depending
on the quantity of samples. The sample jars were then
covered with foil after adding the digestion solution and
were kept in the closed cabin until all organic material was
digested. Samples with digestion solution were checked
7–10 days later.
Once all of the organic material had been dissolved,
the density separation procedure was initiated. KI solution
with a density set to 1.6 g/mL was added to the solution,
with the amount depending on the sample volume (250–
500 mL), and mixed with a glass rod. Solutions were then
transferred into separation funnels and left for 1 day. After
density separation, the settled material was removed, and
the remaining supernatant phase was placed through a
membrane filter (0.45-µm pore size) using ultrapure water
and a vacuum pump. All of the filter papers were then
placed into sterile petri dishes, covered, and set aside for
microscopic and spectroscopic examination.
2.3. Microscopic examination
The filter paper was placed under an Olympus SZX 16
microscope (Shinjuku, Tokyo, Japan) with an attached
Canon EOS 450D camera (Tokyo, Japan) to document the
presence of MPs and count the number of MP particles.
Color, type (fiber or fragment), and the number of all MPlike particles were recorded. A photograph was also taken
of every particle. Size measurements of the photographed
particles were performed using ImageJ v.1.52s (http://
imagej.nih.gov/ij) software. During the microscopic
examination, 283 MP-like particles were counted, and 73
randomly selected particles were used in the μ-Raman
analysis for polymer characterization.
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Figure 1. Locations of the collected fish species. For the Marmara Sea: Lat: 41.021936, Long: 28.973629; Lat: 41.233692,
Long: 29.115310; for the Aegean Sea: Lat: 38.455082, Long: 27.094317; for the Eastern Mediterranean: Lat: 36.766581,
Long: 35.792882
Table 1. Descriptive information of the fish species examined.
Species

Sampling location

n

Mean total length (cm)

Mean total weight (g)

L. mormyrus

NE Mediterranean

10

20.36

99.83

C. saliens

NE Mediterranean

18

20.88

91.79

M. barbatus barbatus

NE Mediterranean

20

11.53

18.32

T. mediterraneus

NE Mediterranean

9

9.58

7.67

L. mormyrus

Marmara Sea

20

23.35

185.30

C. saliens

Marmara Sea

22

21.07

80.29

M. barbatus barbatus

Marmara Sea

25

10.55

11.45

M. surmuletus

Marmara Sea

20

17.16

61.39

T. mediterraneus

Marmara Sea

16

12.21

14.83

L. mormyrus

Aegean Sea

25

19.78

104.66

C. saliens

Aegean Sea

22

24.70

150.99

M. barbatus barbatus

Aegean Sea

18

13.85

24.94

M. surmuletus

Aegean Sea

18

18.82

82.92

2.4. μ-Raman analysis for polymer identification
A total of 73 randomly selected particles were examined
using a Renishaw InVia Qontor Confocal Raman
Microscopy System (Gloucestershire, UK) with 532
and 785 nm lasers. The particles were focused at 50×
magnification with an attached Leica microscope (Wetzlar,
Germany), and 10 and 2 s accumulation scans were taken
with a variable grating setting between 600 and 1200 L/
mm, and a spectrum width of 300–3200.
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Empirical spectra were compared with the spectra of
13 different commercially available raw materials [acetate,
acrylonitrile butadiene styrene, cellulose, polyacrylic acid,
PE (both high and low density), polyethylene terephthalate
(PET)/polyester, nylon 6, polyamide, polymethyl
methacrylate, polyoxymethylene, PP, polystyrene,
polyvinyl alcohol, and polyvinyl chloride (PVC)] taken
under the same conditions, and polymer spectrums
available in the library of the device. In cases where the
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library was used for polymer matching, those with a match
rate of 70% or higher were used.
2.5. Contamination prevention
To prevent contamination during the study, all of the
extractions were performed in a Laminar flow cabinet
(ESCO, Singapore) and all of the equipment was washed
3 times with ultrapurified water, followed by an acetone
bath, before use (Beer et al., 2018). Cleaned equipment
was stored in a closed cabinet throughout the study. All of
the solutions used for dissolving, separating, and cleaning
were placed through GF/C Whatman filter paper with a
pore size of 1.2 µm using a vacuum pump prior to use. All
of the work was conducted in a closed cabinet, and all of
the stored sample containers were covered with aluminum
foil throughout the study. In addition, surfaces were
cleaned with acetone before and after all of the procedures.
To identify any contamination that might have occurred
despite these precautions, triplicate control groups were
prepared, and all of the procedures used in the sample
analysis were applied to these control groups. Microscopic
and spectroscopic analysis was performed on all of the
control groups, and only 0.3 fiber particles per filter of
cellulose paper were detected. These findings indicated
that the effects of contamination could effectively be
ignored.
2.6. Data analysis
MP levels were reported as MPs fish–1. ANOVA and
Tukey multiple comparison tests were performed to
assess the relationship between the location and quantity
of MPs. Pearson correlation analyses were used to test
the relationship between the fish length, mass, and MP
abundance. All of the statistical analyses were conducted
using IBM SPSS Statistics 22.0 (Armonk, NY, USA) and
Tableau 10.2 (Seattle, WA, USA) was used to visualize the
data.
3. Results
3.1. MPs in the GITs of the fish
Quantities of MPs isolated from the fish samples of the
Northeastern Mediterranean, Aegean, and Marmara seas
are shown in Table 2, and Figures 2 and 3. Among all of the
individuals, the concentration of MPs was 1.1 MPs fish–1.
The concentration was 2.5 MPs fish–1 for leaping mullet, 1.1
MPs fish–1 for red mullet, 0.6 MPs fish–1 for sand steenbras,
and 0.4 MPs fish–1 for surmullet and Mediterranean horse
mackerel (Table 2). The highest quantities of MPs were
found in leaping mullets sampled from the Aegean at 4.3
MPs fish–1 (Figure 2). There were no statistically significant
differences in MPs between species from different
sampling areas (2-way ANOVA; P > 0.05). Approximately
50.6% of the MP particles were composed of fibers, while
49.4% were composed of fragments. Herein, fragments

were defined as MP particles that were broken, torn, or
fragmented pieces of larger plastics (Figure 3).
MPs were found in 64.8% of leaping mullets and 63% of
red mullets. The lowest number of individuals with MPs was
in Mediterranean horse mackerel (26.7%). Approximately
39.2% of fish in the Northeastern Mediterranean, 40.5%
in the Marmara Sea, and 61.6% in the Aegean Sea had MP
particles. The proportion of fish with MPs was highest
among leaping mullets sampled from the Aegean Sea
(81.8%). The proportion of fish with MPs was lowest
among red mullets sampled from the Marmara Sea (10%)
(Table 2; Figure 4). MPs per gram of fish mass were 1.43
MPs g–1 for red mullet, 0.47 MPs g–1 for leaping mullet,
0.3 MPs g–1 for Mediterranean horse mackerel, 0.1 MPs
g–1 for sand steenbras, and 0.08 MPs g–1 for surmullet. A
statistically significant negative relationship was detected
between fish mass and the quantity of MPs (Pearson r =
–0.48; P < 0.05). MPs per cm of fish were 2.30 MPs cm–1 for
leaping mullet, 1.97 MPs cm–1 for red mullet, 0.55 MPs cm–1
for sand steenbras, 0.48 MPs cm–1 for Mediterranean horse
mackerel, and 0.27 MPs cm–1 for surmullet. A positive,
but not statistically significant, relationship was detected
between fish size and the quantity of MPs (Pearson r =
0.15; P > 0.05).
The average size of MPs extracted from the GITs was
1.63 ± 0.07 mm, with sizes varying from 0.028 to 4.909
mm. Fiber-type plastics had an average size of 1.68 mm,
while fragment-type plastics had an average size of 1.58
mm.
3.2. Polymer types of the extracted MPs
The 73 randomly selected particles subjected to μ-Raman
analysis belonged to 11 different polymer types. The
match scores of 18 particles were ignored as their scores
were below 70% (Table 3; Figure 5). The most frequently
detected polymers were PP (26%), PE (21.9%), and
cellulose (8.2%).
4. Discussion
Numerous edible demersal, pelagic, and reef-associated
fish species around the world have been documented to
have ingested MPs (Rochman et al., 2015; Tanaka and
Takada, 2016; Güven et al., 2017; Ory et al., 2017, 2018;
Azevedo-Santos et al., 2019; Walkinshaw et al., 2020).
Although these species inhabit different marine layers,
all of these fish were exposed to MPs, given that MPs
vary in density and can thus settle in a variety of marine
layers. Because MPs can be found at the surface, in pelagic
regions, and in ocean-floor sediments, all animals feeding
in these regions can potentially ingest these particles. This
study showed that fish species feeding in different marine
layers could ingest significant quantities of MPs.
Overall, there are 2 means by which MPs can be
ingested: direct ingestion from the environment or indirect
ingestion through consumption of prey. In addition,
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Table 2. Number of collected fish (location, species, and sample size) and percentage of individuals with ingested MPs and the quantity
of ingested MPs.
MPs (total number)
Location

Species

Total

Grand mean

Fragment
n

%

10

2

40.0

3

60.0

0.5

30.0

1.7

18

4

25.0

12

75.0

0.9

44.4

2.3

20

9

34.6

17

65.4

1.3

60.0

2.2

9

0

0.0

1

100.0 0.2

22.2

1.0

Mean

14.25

3.75

24.9

8.25

75.1

0.7

39.2

1.8

L. mormyrus

20

7

77.8

2

22.2

0.4

25.0

1.8

C. saliens

22

7

14.6

41

85.4

2.2

68.2

3.2

M. barbatus

25

18

75.0

6

25.0

0.9

68.0

1.4

M. surmuletus

20

3

100.0

0

0.0

0.2

10.0

1.5

T. mediterraneus

16

2

28.6

5

71.4

0.5

31.3

1.6

Mean

20.6

7.4

59.2

10.8

40.8

0.8

40.5

1.9

L. mormyrus

25

17

85.0

3

15.0

0.8

48.0

1.7

C. saliens

22

40

42.1

55

57.9

4.3

81.8

5.3

M. barbatus

18

10

52.6

9

47.4

1.1

61.1

1.7

M. surmuletus

18

8

80.0

2

20.0

0.6

55.6

1.1

Mean

20.8

18.8

64.9

17.3

35.1

1.7

61.6

2.4

L. mormyrus

55

26

76.5

8

23.5

0.6

34.3

1.7

C. saliens

62

51

32.1

108

67.9

2.5

64.8

3.6

M. barbatus

63

37

53.6

32

46.4

1.1

63.0

1.8

M. surmuletus

38

11

84.6

2

15.4

0.4

32.8

1.3

T. mediterraneus

25

2

25.0

6

75.0

0.4

26.7

1.3

48.6

25.4

50.6

31.2

49.4

1.1

44.3

1.9

some studies have shown that MPs can penetrate fish
through their gills (Watts et al., 2014). The primary factor
influencing the probability of MP ingestion in fish is their
feeding strategy. For example, planktivorous fish are more
likely to ingest MPs when compared to piscivorous fish.
The risk was also elevated for species that filter feed, such
as bivalves, which are directly affected by the composition
of nutrients and pollutants in their environment, as they
often have little control over regulating the particles that
they filter. However, some filter feeders have been shown
to have the ability to select what they feed on (Ward
et al., 2019). In such cases, MPs might be ingested by
these animals when they resemble the shape, color, or
other physical characteristics of organic materials in the
environment. For example, Ory et al. (2017) stated that
Decapterus muroadsi could ingest blue MPs by confusing
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Mean number of
Mean number of MPs
% of MPs
MPs per fish in
per fish in the positive
per species
the total samples
samples

%

C. saliens
NE
M. barbatus
Mediterranean
T. mediterraneus

Aegean Sea

Fiber
n

L. mormyrus

Marmara Sea

No. of
samples

them with bioluminescent copepods. In addition, predator
species can indirectly ingest MPs by their transfer between
trophic levels.
Among the study species herein, M. barbatus barbatus,
M. surmuletus, C. saliens, and L. mormyrus are demersal,
while T. mediterraneus is pelagic (Froese and Pauly, 2019).
Whereas M. surmuletus mostly feeds on the broken
and rough sea bottom, M. barbatus barbatus, C. saliens,
and L. mormyrus feed on the muddy bottom, and T.
mediterraneus feeds on smaller pelagics. These diverse
feeding strategies revealed the trophic levels of these
species, and their potential to directly and indirectly ingest
MPs. In this study, the highest proportion of fish with MPs
and concentrations of MPs were observed in M. barbatus
barbatus (1.1 MPs fish–1; 63.0%) and C. saliens (2.5 MPs
fish–1; 64.8%). According to Froese and Pauly (2019), the
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Figure 2. MPs in fish species caught from the Northeastern Mediterranean, Aegean, and Marmara seas and the average
concentration of MPs at each location.

trophic levels of these species were relatively low (2.9 ±
0.38 for C. saliens; 3.1 ± 0.1 for M. barbatus barbatus; 3.4 ±
0.50 for L. mormyrus; 3.5 ± 0.30 for M. surmuletus; and 3.8
± 0.30 for T. mediterraneus).
Walkinshaw et al. (2020) found a negative correlation
between the trophic levels and MP contents of commercial
fish species. However, even though the results of this study
and the conclusions of Walkinshaw et al. (2020) showed
that there was a negative correlation between the trophic
level and MP levels, the relationships found in this study
were not significant (Pearson correlation; P > 0.05). For
example, Markic et al. (2018) found that there was no
significant relationship between the trophic level and
quantities of MPs among 23 fish species from the southern
Pacific Ocean. However, Markic et al. (2018) argued that
feeding strategy appeared to predict the presence of MPs,
as there was a difference in the presence of MPs between
benthic predators and omnivorous species.

In addition, while the proportion of MPs in species
with different feeding strategies might be the same, the
quantities of MPs per gram of tissue might differ. Indeed, in
this study, C. saliens had 2.5 MPs fish–1, but based on grams
of tissue, they had 0.47 MPs g–1. In M. barbatus barbatus,
there were 1.1 MPs fish–1 or 1.43 MPs g–1. Interestingly, the
percentage of fish with MPs in these 2 species was nearly
identical (Table 2). However, in the other 3 species, the
quantity of MPs per individual was higher but the quantity
of MPs per gram of tissue was lower. The percentage of
fish with MPs was also quite similar among these 3 species
(Table 2).
Previous studies have suggested that there was a
relationship between habitat use and MP content. For
instance, Rummel et al. (2016) and Güven et al. (2017)
suggested that pelagic species contained more MPs when
compared to demersal species, while Lusher et al. (2013)
and Neves et al. (2015) found that pelagic and demersal
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Figure 3. MP particles extracted from edible fish species present in Turkish seas.

Figure 4. Percentage of MPs in the GITs of fish species and their locations. The % values give the percentage of individuals with
(number of individuals with Mps) species
MPs in the GIT for each species (% species =
x 100)
(total number of fish) species

species did not differ in MP content. Herein, it was found
that T. mediterraneus, a pelagic species, and M. surmuletus,
a demersal species, contained a similar quantity of MPs
(0.4 MPs fish–1). Although factors such as the sampling
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effort, number of samples, and analytical methods likely
contributed to the estimates of the MPs, this similarity
might have stemmed from the fact that these species
occupied the same habitat but differed in their feeding
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Table 3. Polymer types and percentages of 73 randomly selected particles subjected
to μ-Raman analysis.

Type of polymer

Type of particle

Total

%

1

1

1.4%

0

6

8.2%

1

0

1

1.4%

PA

1

0

1

1.4%

PE

0

16

16

21.9%

PET/polyester

3

3

6

8.2%

Poly(acrylic acid)

2

0

2

2.7%

Poly(ethylene co vinyl acetate)

0

1

1

1.4%

Polyacrylonitrile

1

0

1

1.4%

PP

4

15

19

26.0%

PVC

0

1

1

1.4%

UI

12

6

18

24.7%

Fiber

Fragment

ABS

0

Cellulose

6

Nylon-6

Figure 5. Spectra of the μ-Raman analysis and photographs of 3 of the most common plastic fragments extracted from the GITs
of edible fish species collected from Turkish marine waters.

strategies (Lusher et al., 2013; Neves et al., 2015; Rummel
et al., 2016; Markic et al., 2018, 2019; Walkinshaw et al.,
2020).
The Mediterranean basin is a marine biodiversity
hotspot. In its current state, it is considered a sensitive
ecosystem due to the threats posed by invasive species,
fishing, touristic activities, maritime traffic, and coastal

urban areas, which increase the influx of marine litter. The
Eastern Mediterranean region is especially vulnerable to
the aforementioned factors, as the Turkish coasts in this
region have been shown to be more highly polluted with
micro and macroplastics than other Mediterranean regions
(Mansui et al., 2015; Liubartseva et al., 2018; Gündoğdu and
Çevik, 2019). The areas where species were collected in this
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T. mediterraneus

M. surmuletus

M. barbatus barbatus

Mugil cephalus

C. saliens

Liza aurata

L. mormyrus

Species

Marmara Sea
Aegean Sea
NE Mediterranean
NE Mediterranean
Marmara Sea
Aegean Sea
S. Pacific
Australian Coast
Hong Kong
NE Mediterranean
Ionian Sea
Adriatic Sea
Spanish Coast
Ionian Sea
Thyrennian Sea
Adriatic Sea
Ionian Sea
NE Mediterranean
Marmara Sea
Aegean Sea
NE Mediterranean
Adriatic Sea
W. Mediterranean
Portuguese Coast
Marmara Sea
Aegean Sea
NE Mediterranean
Spanish Coast
W. Mediterranean
NE Mediterranean
Marmara Sea

NE Mediterranean

Location

Filter pore size
26 µm
20 µm
20 µm
20 µm
30 µm
20 µm
20 µm
20 µm
63 µm
None
11 µm
27 µm
None
10 µm
380 µm
1.2 µm
1.6 µm
1.6 µm
1.6 µm
20 µm
20 µm
20 µm
28 µm
None
None
217 µm
20 µm
20 µm
29 µm
410 µm
411 µm
20 µm
20 µm

Season
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Whole
Spring-summer
Winter
Summer
Whole
Winter
Autumn
Summer
None
None
None
Summer
Summer
Summer
Summer
Whole
Winter-spring
None
Summer
Summer
Summer
Spring-summer
Spring-summer
Summer
Summer

46
10
20
25
39
18
22
22
22
45
30
207
25
11
128
25
36
38
38
20
25
18
51
30
417
4
20
18
98
77
10
9
16

n
34.8
30.0
25.0
48.0
44.0
44.4
68.2
81.8
13.6
64.0
60.0
66.0
32.0
64.0
18.8
32.0
16.6
29.0
15.5
60.0
68.0
61.1
65.0
70.0
27.3
100.0
10.0
55.6
68.0
44.1
30.0
22.2
31.3

%MPs
0.63
0.50
0.45
0.80
3.26
0.95
2.18
4.32
0.60
2.50
4.3
1.39
0.50
1.57
1.90
1.50
1.00
1.00
1.25
1.30
0.96
1.06
1.18
1.80
0.42
1.75
0.15
0.61
1.77
1.22
0.40
0.22
0.50

MPs fish–1
1.88
1.67
1.80
1.67
7.47
2.25
3.20
5.28
2
None
None
2.12
1.5
None
None
None
None
None
None
2.17
1.41
1.73
1.82
2.7
None
1.75
1.50
1.10
2.58
None
None
1.00
1.60

MPs fish–1 in
positive sample

This study (2019)

Rios-Fuster et al. (2019)

Güven et al. (2017)

This study (2019)

Güven et al. (2017)
Anastasopoulou et al. (2018)
Alomar et al. (2017)
Neves et al. (2015)

This study (2019)

Giani et al. (2019)

Markic et al. (2018)
Halstead et al. (2018)
Cheung et al. (2018)
Güven et al. (2017)
Anastasopoulou et al. (2018)
Avio et al. (2015)
Bellas et al. (2016)
Digka et al. (2018)

This study (2019)

Güven et al. (2017)

This Study (2019)

Güven et al. (2017)

Reference

Table 4. Results of studies performed at different periods in different regions for species examined in this study or in similar species by other researchers.
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GÜNDOĞDU et al. / Turk J Zool
study (Aegean Sea, Marmara Sea, and Iskenderun Bay) have
been shown to be highly polluted with MPs (Gündoğdu,
2017; Tunçer et al., 2018; Yabanlı et al., 2019; Genc et al.,
2020). Thus, marine organisms present in these areas face
serious threats from MP pollution.
Even though no studies have specifically examined the
Turkish coast of the Aegean Sea, coastal MP pollution is
directly associated with seawater MP pollution (Liubartseva
et al., 2018) Thus, the 1154.4 MPs kg–1 sediment pollution
reported for the Datça peninsula (Yabanlı et al., 2020),
likely explains the high quantities of MPs in Aegean Sea
fish relative to fish from other Mediterranean regions. In
fact, marine MP concentrations reported for the Marmara
Sea and the Northeastern Mediterranean were both lower
than those reported for the Aegean Sea, which supports this
conclusion. Previous studies have reported a MP pollution
level of 1.263.000 MPs m–2 for the Marmara Sea (Tuncer et al.,
2018) and 1.067.120 MPs m–2 for the Eastern Mediterranean
(Gündoğdu, 2017).
Several previous studies have shown that MPs are
ingested by fish (Azevedo-Santos et al., 2019; Markic et al.,
2019; Walkinshaw et al., 2020). In all of these studies, the
reports of MP levels were variable. However, both the average
quantity of MPs and percentage of MPs in L. mormyrus
sampled from the Aegean Sea were higher than values
previously reported from the Eastern Mediterranean (Güven
et al., 2017). Similarly, the quantity of MPs and percentage
of fish with MPs for C. saliens sampled from the Aegean Sea
were higher than those obtained by various researchers that
have studied similar species (Güven et al., 2017; Cheung et
al., 2018; Halstead et al., 2018). Although the percentage of
MPs in samples of M. barbatus barbatus collected from the
Marmara Sea was higher than those that have been reported
in previous studies, the average quantity of MPs was lower
than estimates from previous studies (Bellas et al., 2016;
Güven et al., 2017; Anastasopoulou et al., 2018; Digka et
al., 2018; Giani et al., 2019). For T. mediterraneus and M.
surmuletus, the levels of MPs were lower than estimates
made in previous studies. Detailed information of the studies
conducted in other regions is provided in Table 4.

As mentioned previously, the finding that levels of
MP pollution differ between studies might have been a
consequence of different analytical and sampling methods
or the timing and location of the sampling. For example, the
minimum pore size used for filtering during the analysis
dictates the smallest size of MP particles that can be
detected, directly affecting the number of MPs identified.
In this study, the minimum pore size was set to 20 µm to
ensure that all possible MPs particles could be collected. In
previous studies, the minimum pore size used has ranged
from 26 µm (Güven et al., 2017) and 120 µm (Lusher et
al., 2013) to as high as 500 µm (Rummel et al., 2016). Such
variations in the pore size likely led to variations in the
estimated levels of MPs between the studies.
Out of all of the plastics manufactured in Europe in
2018, 29.7% were PE, 19.3% were PP, 10.0% were PVC, 7.7%
were PET/polyester, and the rest consisted of various other
types of plastics (Erni-Cassola et al., 2019; PlasticEurope,
2019). The composition of manufactured plastics critically
determines the composition of plastic litter in the sea.
Erni-Cassola et al. (2019) stated that, of plastics detected
in surface waters, 25% consisted of PP and 42% consisted
of PE, and that the ratio of denser plastics, such as PET
and acrylics, increased at greater ocean depths. In fact, the
composition of plastic polymer types detected in this study
was similar to the known composition of manufactured
plastics, as well as the composition of plastics that has been
documented in marine environments.
In conclusion, even though MPs were detected in the
stomach and digestive tracts of fish, the effects of these
MPs on the fish is a subject that requires further and more
detailed study. However, the entry of plastics into the food
chain means that they can become more concentrated at
higher trophic levels, posing risks to both other marine
organisms and humans.
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